Magnesium oxide (MgO) and bismuth(III) nitrate pentahydrate as highly effective catalysts which have catalyzed the three-component reaction of cyanoacetic acid hydrazide, aldehydes and malononitrile to prepare of the corresponding N-amino-2-pyridones. These catalysts are inexpensive and easily obtained, stable and storable, easily recycled and reused for several cycles with consistent activity.
Introduction
The development of heterocyclic compounds such as pyridones is a topic of current interest because of their presence in numerous natural products along with the wide spectrum of physiological activities displayed by this class of compounds [1] [2] [3] . It is well known that the 2-pyridone derivatives are valuable building blocks in natural products synthesis and also a versatile synthon for the synthesis of a variety of other nitrogen-containing heterocyclic compounds, such as β-lactams, quinolizidines, pyridines, piperidines, and indolizidine alkaloids [4] . The diene portion of these molecules can undergo Diels-Alder cycloaddition reactions with dienophiles, or one double bond may act as a dienophile to an added diene [5] . So they have been applied as a key synthetic intermediate to synthesize some complex natural products [6] . A large number of methods have been developed for the synthesis of 2-pyridones and their derivatives [7] . The most common strategies involve the construction of the heterocyclic compounds from easily available starting materials. Due to the importance of 2-pyridone skeleton, to develop new and efficient methodologies for diversely functionalized construction of 2-pyridone is still highly desired. The development of efficient and environmentally acceptable synthetic methods is an important task of modern chemistry. Conventional organic syntheses are generally based on homogeneous or heterogeneous catalysts. Magnesium oxide (MgO) and bismuth(III) nitrate pentahydrate are known as heterogeneous catalysts and commercially available reagents and require no special handling. Magnesium oxide (MgO), obtained using a novel but simple procedure, was systematically investigated as a heterogeneous base catalyst for reactions taking place in the liquid phase, specifically the Michael addition and the Knoevenagel condensation [8] . Bismuth (III) nitrate pentahydrate can act as an effective Lewis acid, and it can be used successfully in the presence of commercially available solvents without any drying or treatment. The use of bismuth nitrate derivatives as catalysts in organic synthesis has increased considerably over the years. A literature survey revealed that bismuth (III) nitrate pentahydrate has been used for conversion of thiocarbonyls to their carbonyl compounds [9] , aromatic nitration [10] , protection of carbonyl compound [11] , Michael reactions [12] , synthesis of coumarins [13] and etc. In continuing our interest in the synthesis of heterocyclic compounds in the presence of base or acid catalysts [14] [15] [16] , we now wish to describe the synthesis of N-amino-2-pyridones in the presence of magnesium oxide (MgO) as a highly effective heterogeneous base catalyst, and by using bismuth(III) nitrate pentahydrate as an effective Lewis acid catalyst.
Experimental

General Information
Malononitrile, aldehydes, Mg(OH) 2, MgO and bismuth(III) nitrate pentahydrate were commercially available, and were obtained from Merck Chemical Co. and used without further purification. Cyanoacetic acid hydrazide was prepared according to a literature procedure [17] . Melting points were measured on an Electrothermal-9100 apparatus and are uncorrected. IR spectra were recorded on a Brucker FT-IR Tensor 27 infrared spectrophotometer. The proton NMR spectra were recorded with a BRUKER DRX-300 AVANCE spectrometer.
Catalyst Preparation
High surface area MgO used in this study were obtained by rehydrated Mg(OH) 2 at 450˚C for 2 h. A calcination temperature of 400˚C -500˚C gave maximum conversion. When the catalyst was calcined above 500 ˚C, the activity of MgO decreased and continued to decrease as the calcination temperature increased. The maximum surface area was obtained after calcining the samples at 400˚C -500˚C [8] .
General Procedure for the Preparation of N-Amino-2-pyridone Derivatives
A mixture of cyanoacetic acid hydrazide 1 (2 mmol), aldehyde 2 (2 mmol), malononitrile 3 (2 mmol), and commercial MgO (0.25 g), high surface area MgO (0.25 g) or Bi(NO 3 ) 3 ·5H 2 O (0.04 g) in ethanol (10 mL) was refluxed with stirring for the time reported in Table 4 (the progress of the reaction being monitored by TLC and was used hexane/ethyl acetate as an eluent). When the reaction was completed as indicated by TLC, the crude product 4 was precipitated from the reaction mixture by cooling, and the solid was filtered and recrystallized with ethanol to get pure product. 
1,6-Diamino-2-oxo-4-phenyl-1,2-dihydropyridine-3,5-dicarbonitrile (4a)
Results and Discussion
In the present protocol as exhibited in Scheme 1 the three-component reaction of cyanoacetic acid hydrazide 1 arylaldehydes 2a-h and malononitrile 3 have been investigated in the presence of catalysts such as magnesium oxide (MgO) as a base catalyst and also bismuth(III) nitrate pentahydrate as an effective Lewis acid catalyst. The N-amino-2-pyridone derivatives 4a-h were produced under conventional conditions and in a short experimenttal time.
In recent years, there has been increasing emphasis on the design and use of environmentally friendly solid acid and base catalysts to reduce the amount of toxic waste and by products arising from chemical processes prompted by stringent environment protection laws [18] .
Several solid base and acid catalysts have been reported as being effective in the reactions that involve the Michael addition and the Knoevenagel condensation. Magnesium oxide (MgO) and bismuth(III) nitrate pentahydrate were systematically investigated as heterogeneous base and acid catalysts for reactions taking place in the liquid phase, specifically Michael addition and Knoevenagel condensation [9, 10] . Since the three-component reaction of cyanoacetic acid hydrazide 1 arylaldehydes 2a-h and malononitrile 3 involve both Knoevenagel condensation and Michael addition, we have studied the effect of catalytic activity two types of magnesium oxides such as commercial MgO (CM-MgO) and high surface area MgO (HSA-MgO) and also bismuth(III) nitrate pentahydrate as an effective Lewis acid catalyst on these reactions. In order to optimize the reaction conditions, we used some polar and non polar solvents in the three-component reaction of cyanoacetic acid hydrazide, benzaldehyde and malononitrile in the presence of catalysts such as commercial MgO Also we attempted to reuse the catalysts by a variety of methods (Table 3) . Direct reuse of the catalysts (Table 3, entry 2, 6, 10) led to a greater than 20% decrease in activity while washing of the catalysts with dichloromethane and ethyl acetate, prior to reuse also resulted in lower conversions (Table 3, entry 3, 4, 7, 8, 11, 12 ). This phenomenon probably arose because the reactant and product were not completely desorbed from commercial MgO, high surface area MgO and Bi(NO 3 ) 3 ·5H 2 O and therefore, the active sites were blocked.
In this investigation, the three-component reaction of cyanoacetic acid hydrazide 1 arylaldehydes 2a-h and malononitrile 3 were carried out in boiling ethanol in the presence of two kinds of magnesium oxide (MgO) as base catalysts and bismuth(III) nitrate pentahydrate as an effective Lewis acid catalyst to produce the N-amino-2-pyridone derivatives 4a-h in high yields. The results of these three-component reactions were summarized in Table 4 . As shown in Table 4 , the reaction yields are markedly affected by the catalyst, and optimum results were obtained when reactions were run in the presence of high surface area MgO. Also these reactions were carried out in the presence of base catalysts such as piperidine or triethylamine in thermal conditions, which the products were obtained in low yields and a long reaction time [19] . 
Conclusion
In summary, there are no doubt these effective catalysts which provide a new and useful method to synthesis N-amino-2-pyridone derivatives in a three-component reaction of cyanoacetic acid hydrazide, aldehyde and malononitrile. These catalysts show environmental friendly character, which are inexpensive and easily obtained. Moreover, the procedure offers several advantages including high yields, operational simplicity, clean reaction conditions and minimum pollution of the environment, which makes it a useful and attractive process for the synthesis of these compounds.
